Abstract A product-service system (PSS) is a combination of products and services to create value for both customers and manufacturers. Modelling a PSS based on function orientation offers a useful way to distinguish system inputs and outputs with regards to how data are consumed and information is used, i.e. information flow. This article presents a review of diagrammatic information flow tools, which are designed to describe a system through its functions. The origin, concept and applications of these tools are investigated, followed by an analysis of information flow modelling with regards to key PSS properties. A case study of selection laser melting technology implemented as PSS will then be used to show the application of information flow modelling for PSS design. A discussion based on the usefulness of the tools in modelling the key elements of PSS and possible future research directions are also presented.
Introduction
A product-service system (PSS) [1] is a concept that offers value proposition based on the delivery of integrated products and services [2] [3] [4] . It involves considering factors relating to the life cycle of products, closely linking products and services, and establishing links (with customers and other manufacturers) to aid product/service delivery. Once these factors have been considered, the next step should involve the modelling of business requirements for the development of an effective and efficient PSS [5] . These business requirements define how companies can meet customer demands for complex solutions that combine products and services. Function-oriented modelling [6, 7] , object-oriented modelling [8], conceptual modelling [5] and service modelling [9] are some approaches to modelling the business requirements for a PSS.
Function orientation is an approach to design which decomposes a system into a set of interacting functions [10] . Decomposition or 'top-down' analysis is a term which describes the process of breaking down a system into smaller manageable parts. Modelling this functional decomposition is an activity which could aid in identifying products and services within a PSS [5] . This process could be applied to analyse existing systems, to redesign systems or to develop new systems [11] .
The function-oriented approach is classified into three main categories or species: mathematical axioms, tree structure and function input and output [12] . Mathematical axioms are employed for complete description of the system in conformance with precise rules while tree structures identify functions without the involvement of data used. Function input and output distinguishes system inputs and outputs with regards to how data are consumed and information is used.
This article is concerned with the third categoryfunction input and output, especially information flows in systems. Information flow is used here and throughout this article, as an approach to illustrating the architecture of a system or organisation describing inputs and outputs. This architecture influences the system's efficiency, adaptability and the reusability of components [13] .
According to van Gigch [14] , 'a system is an assembly or set of related elements'. A PSS therefore includes products and services as well as other related elements such as information and communication technologies [2] and infrastructure [15] that aid delivery processes of a PSS.
Consequently, modelling information flow for a PSS is an important measure for assessing the level of redundancy and inefficiency in PSS delivery processes [6] . This is because an information flow model can be used to assess possible actors, roles and scenarios for the delivery of integrated products and services [16] . Recommendations based on these assessments can then be applied for improving quality, efficiency and financial performance of a PSS in accordance with ISO 9000 and ISO 14000 [6] .
In addition, ISO TR 9007 maintains that models of information can provide a common basis for different working groups to represent, understand and manipulate the behaviour a set of entities [17] . Within the context of a PSS, an information flow model can therefore be used as a common basis for PSS designers and operators to describe PSS processes.
The aim of this article is to review existing, diagrammatic, function-oriented information flow modelling tools. The paper seeks to contribute to knowledge by analysing these modelling tools in terms of their usefulness as modelling tools for PSS design. A case study of selective laser melting technology implemented as a PSS will also be applied to demonstrate the use of information flow modelling for PSS. The paper concludes by discussing possible use of the reviewed modelling tools for PSS design and by making recommendation for future research.
Diagrammatic information flow tools
Hungerford et al. [18] have asserted that diagrams or diagrammatic reasoning are better suited to solving problems created by increasing complexity in systems when compared with text-based (sentential) representations. They highlight three main reasons for this assertion.
Firstly, diagrams promote information clusters (grouping of information), thus eliminating the need to conduct large amounts of searches associated with problem-solving inferences. Secondly, diagrams promote information clusters based on a single element, hence eliminating the need to match symbolic labels. Thirdly, diagrams offer facilities that support a wide range of perceptual inferences, which are simple and easy to use.
Becker et al. [5] have suggested that standard models (as-is models) should be identified and serve as a starting point for models of planned systems (to-be-models). This paper presents, as a first step towards this approach, an analysis of some key diagrammatic information flow models. Diagrammatic tools beyond the scope of information flow, for example models for timeline orientation (UML sequence diagrams), process orientation (flow chart diagrams) or state orientation (state transition diagrams), are omitted.
The information flow diagrammatic models identified from literature are tabulated in Table 1 . They include data flow diagrams, Integrated DEFinition method of modelling functionality and information modelling (IDEFØ and IDEF1), Graphes à Résultats et Activités Interreliés (GRAI) grids and nets, Petri nets, InputProcess-Output diagrams and design structure matrices. Each modelling approach has its strengths and weaknesses, which must also be taken into consideration by PSS designers and operators. Describes and documents the organisation and logic of information flow; integral to the hierarchy plus input-process-output (HIPO) approach [12, [52] [53] [54] [55] [56] Design structure matrix Depicts dependency, independency, interdependency and conditionality of information flow for systems and organisations [57] [58] [59] [60] [61] [62] [63] [64] 
